INTRODUCTION
============

Ginseng, *Panax ginseng* Meyer, is a perennial plant of the Araliaceae family and has been used for thousands of years as an important medicinal plant. Ginseng contains various pharmacologically active ingredients, including ginsenosides, phenols, oleanic acids and volatiles [@B001]. Ginseng saponins, also known as ginsenosides, have a specific chemical structure compared to the saponins of other plants and have different, extensive effects as antitumor, antidiabetic and antioxidant compounds and as cholesterol-reducing agents [@B002]-[@B005]. The growth of ginseng plants requires 4 to 6 years of cultivation under shaded conditions, and ginseng cultivation is affected by the soil environment due to the long cultivation period in the same soil [@B006]. One major problem is the complication of disease caused by different pathogenic fungi during the long cultivation period. The most common pathogenic fungi in ginseng include gray mold by *Botrytis cinerea*, alternaria blight by *A. panax*, anthracnose by *Colletotrichum gloeosporioides*, Sclerotinia white rot by *Sclerotinia* sp., phytophthora blight by *Phytophthora cactorum*, and root rot by *Cylindrocarpon destructans* [@B007],[@B008]. Therefore, the control of these types of diseases is of great importance to ginseng growers.

The recent investigation of fungi that exist in plants as symptomless endophytes has shed light on many aspects of the relationships between the plant and fungus [@B009]. Endophytic fungi usually do not directly penetrate plant cells; instead, they grow as relatively sparse hyphae in the spaces between cells or within the walls of the host plant cells. Endophytic fungi spend all or part of their life cycle in the host consuming nutrients from the intercellular fluids of the plants [@B010],[@B011]. Some endophytic fungi produce a wide range of bioactive compounds that have commercial potential as important compounds for medicinal, agricultural and industrial purposes [@B009],[@B012],[@B013], such as alkaloids, steroids, terpenoids, isocoumarin derivatives, quinones, flavonoids, and lignans. These compounds have diverse functions in plants, such as in protection against phytopathogens and the promotion of growth, which occurs due to the production of such phytohormones as auxin and gibberellins and the absorption of such nutrients as nitrogen and phosphorus from the soil [@B011],[@B014]. However, there are only a few reports on the fungal endophytes present in ginseng [@B012],[@B015],[@B016]. Therefore, this study was conducted to explore the diversity of the endophytic fungi in plants of different ages and different tissues of *P. ginseng* cultivated in Korea.

MATERIALS AND METHODS
=====================

Harvest of ginseng plants
-------------------------

Ginseng plants (*P. ginseng*) that were 3- and 4-years old were harvested from Punggi Ginseng Experimental Station (Yeongju, Korea) in July 2010. Six ginseng plants were used for each age as replicates. The harvested plants were placed in plastic bags and stored at 4℃ until use; the plant samples were processed within 48 h of the harvest.

Isolation of endophytic fungi
-----------------------------

Ginseng plants were washed thoroughly with running water for 5 min to remove the soil and sediments. The plants were separated into root, stem, petiole, leaf, and flower stalk. The root, stem, petiole, and flower stalk samples were cut into 10×10 mm segments using a sterilized blade, and the leaves were cut into 5×2 mm segments using a sterilized blade. All of the sample segments were surface sterilized in a 75% ethanol solution for 1 min, transferred to a solution of 4% sodium hypochlorite for 10 min, and then washed with 75% ethanol for 30 s. The surface-sterilized samples were rinsed 3 times with sterile water for 1 min and blotted dry on sterile paper towels. Aliquots (3×0.1 mL) of the water used for the last washing step were dropped into potato dextrose agar (PDA) plates amended with 200 mg/mL ampicillin and streptomycin to confirm the removal of the microorganisms from the tissue surface. The sterilized segments were placed on Petri dishes containing PDA with 200 mg/mL ampicillin and streptomycin to inhibit bacterial growth and then incubated at room temperature for 2 to 3 wk [@B015]. The plates were evaluated every day until the appearance of mycelia from the edge of the sample segments. The fungal mycelia growing out of the sample segments were continuously subcultured and maintained on fresh PDA plates. The fungal isolates were stored in 10% glycerol at -80℃ for long-term storage.

Identification of endophytic fungi
----------------------------------

The mycelial mass was scraped from the PDA plates and used to extract DNA. The mycelia were in liquid nitrogen ground using a mortar and pestle, and the fungal DNA was extracted using the DNeasy Plant Mini kit (Qiagen, Valencia, CA, USA). An internal transcribed spacer (ITS) region was amplified using the fungal specific primers, ITS1 (5'-TCCGTAGGT GAACCTGCGG- 3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') [@B016]. The amplification was performed in 50-μL reaction volumes containing 50-150 ng of template DNA, 200 pmol of each primer, 100 pmol of each dNTP, 1.25 U *Taq* DNA polymerase and 5 μL polymerase chain reaction (PCR) buffer (100 mM KCl, 20 mM MgSO~4~, 200 mM Tris-HCl \[pH8.8\], 1% Triton X-100, 100 mM \[NH~4~\]~2~SO~4~, and 1 mg/mL BSA). The PCR was performed as follows: initial denaturing step at 94℃ for 3 min, followed by 30 cycles of 94℃ for 30 s, 55℃ for 30 s, and 72℃ for 1 min, and a final extension step at 72℃ for 7 min. The PCR products were isolated by electrophoresis on a 1.6% agarose gel and excised from the gel. The DNA was purified from the excised gel using the Wizard SV gel and PCR Clean-up System (Promega, Madison, WI, USA) and sequenced. A morphological identification was also conducted using the morphological characters of spores and hyphae under microscopic observation.

Data analysis
-------------

The ITS sequence information was used to match the most closely retrieved fungal isolates with the NCBI BLAST program from the GenBank database (<http://www.ncbi.nlm.nih.gov>). The alignments of the ITS sequences were performed using ClustalX, and the ITS1- 5.8S-ITS2 sequences were used to construct a phylogenetic tree with the maximum parsimony method and MEGA ver. 5 (<http://www.megasoftware.net>) [@B017],[@B018]. Bootstrapping was performed with 1,000 replications, and gaps were removed for missing data [@B019]. The colonization frequency (CF%) of the endophytic fungi was calculated as follows [@B015]: CF=(*N~COL~*/*Nt*)×100, where *N~COL~*=the number of segments colonized by each fungus and *Nt*=the total number of segments.

RESULTS
=======

Isolation and identification of endophytic fungi
------------------------------------------------

A total of 127 fungal endophytes were isolated from 501 segments of the ginseng plants: 60 and 67 isolates from the 3- and 4-year-old ginseng plants, respectively ([Table 1](#T001){ref-type="table"}). The size of the PCR products ranged from 500 to 550 bp. Overall, 125 fungal isolates were assigned to 27 taxa; 19 of the 27 taxa were identified as species, and the others were classified as follows: 6 to the genus level, 1 to the phylum level (Ascomycota), and 1 as an unknown fungal isolate. A total of 13 and 19 species were detected in the 3- and 4-year-old plants, respectively. In total, the CF was 24.9% (\[125/501\]×100), and each CF was 24.8% (\[60/241\]×100) and 25.7% (\[67/260\]×100) for the 3- and 4-year-old ginseng plants, respectively. The CF varied among the ages and tissues of the plants. The CFs of the roots (54% *vs.*35%) and stems (20% *vs.* 19%) in the 3-year-old plants were higher than the CFs of tissues in the 4-year-old plants ([Table 1](#T001){ref-type="table"}).

###### 

Endophytes from R, S, P, L, and F as well as CF and IN in parentheses in 3- and 4-year-old ginseng plants cultivated in Korea

  ---------------------------------- ------------- ------------- --------------- ------------------ ---- --------- --------- -------- --------- -------- ---------- -----
  Fungal species                     3 Years old   4 Years old   Accession no.   Max identity (%)                                                                   
                                                                                                                                                                    
                                     R             S             P               L                  F    R         S         P        L         F                   
                                                                                                                                                                    
  *Fungal* sp.                                                   4 (1)                                                                2 (1)     3 (2)    GQ906971   100
  *Entrophospora* sp.                22 (18)                                                                                                             HM208740   100
  *Pythium sylvaticum*                                                                                   1 (1)     2 (1)                                 HM051065   100
  *Coprinopsis cinerea*                                                                                                                         1 (1)    AB097562   99
  *Coprinellus radians*                                                                                                      3 (1)                       HM595561   99
  *Alternaria arborescens*                                       4 (1)                                                                                   AB244779   100
  *A. alternata*                     4 (3)         4 (2)         7 (2)                                             3 (2)              2 (1)     3 (2)    HQ647314   100
  *Nemania diffusa*                                                                                      1 (1)                        4 (2)              FJ438909   100
  *Xylaria* sp. 1                                                                4 (2)                                       3 (1)    6 (3)              HM595549   100
  *Xylaria* sp. 2                                                                                                                     4 (2)              GQ906941   100
  *Phoma radicina*                   20 (16)       6 (3)                                                 8 (7)                                           FJ427058   100
  *Colletotrichum pisi*              5 (4)         2 (1)                                                 5 (5)               3 (1)                       EU400150   100
  *C. ignotum*                                                                                                     2 (1)     10 (3)                      GU994371   99
  *Cladosporium sphaerospermum*                                                                                              3 (1)                       EU570258   100
  *Phomopsis* sp.                                                                                        2 (2)                                           EF432295   99
  *Eutypella scoparia*                             2 (1)                                                                                                 HM052827   100
  *Aureobasidium* sp.                                                                                                                 2 (1)              GQ906942   93
  *Trichoderma harzianum*            1 (1)                                                                                                               FJ571487   100
  *Stachybotrys cylindrospora*                                                                                     3 (2)                                 AF081474   99
  *Ascomycota* sp.                                 2 (1)                                                                                                 HQ108015   98
  *Fusarium solani*                                                                                      17 (15)   5 (3)                                 HQ384396   100
  *F. proliferatum*                                2 (1)                                                                                                 HQ248202   100
  *Nectria haematococca*                                                                                 1 (1)     2 (1)                                 AB513852   100
  *Botryosphaeria dothidea*                                                                                                                     3 (2)    HQ328038   100
  *Coniothyrium* sp.                                                                                               2 (1)                                 AY157492   100
  *Monacrosporium microscaphoides*   2 (2)                                                                                                               EF059816   98
  *Valsa ambiens*                                  2 (1)                                                                                                 EU520182   100
  Segments                           81            50            26              45                 39   90        59        31       45        35                  
  Total CF (IN)                      54 (44)       20 (10)       15 (4)          4 (2)              0    35 (32)   19 (11)   22 (7)   20 (10)   10 (7)              
  Species no.                        6             6             3               1                  0    7         6         5        6         4                   
  ---------------------------------- ------------- ------------- --------------- ------------------ ---- --------- --------- -------- --------- -------- ---------- -----

R, root; S, stem; P, petiole; L, leaf; F, flower stalk; CF, colonization frequencies; IN, isolate number.

In contrast, a higher CF of the petioles (15% *vs.* 22%) and leaves (4% *vs.* 20%) was found in the 4-year-old plants. Whereas the CF of the flower stalks in the 4-year-old plants was 30%, endophytic fungi were not detected in the flower stalks of the 3-year-old plants. A large proportion of the identified taxa of endophytic fungi was Ascomycota (22 species), and the others were Glomeromycota (*Entrophospora* sp.), Oomycota (*Pythium sylvaticum*), Basidiomycota (*Coprinellus radians, Coprinopsis cinerea*), and unclassified (fungal sp.).

Dominant endophytic fungi
-------------------------

The dominant endophytic fungi found to be dependant on the different age and tissue are shown in [Table 2](#T002){ref-type="table"}. For example, *Phoma radicina* and *F. solani* were the dominant endophytic fungi in the roots/stems of the 3-and 4-year-old plants, respectively, whereas *F. solani* was not found in any tissue of the 3-year-old plants.

###### 

Percentage contribution by the dominant endophyte (DE) to the endophytes isolated from different tissues of 3- and 4-year-old ginseng plants cultivated in Korea

  ---------- -------------- --------------------------- --------
  Age (yr)   Tissue         Dominant endophyte          DE (%)
                                                        
  3          Root           *Entrophospora* sp.         41
             Stem           *Phoma radicina*            30
             Petiole        *Alternaria alternata*      50
             Leaf           *Xylaria* sp. 1             100
             Flower stalk   None                        0
  4          Root           *Fusarium solani*           47
             Stem           *F. solani*                 27
             Petiole        *Colletotrichum ignotum*    43
             Leaf           *Xylaria* sp. 1             30
             Flower stalk   *Botryosphaeria dothidea*   29
  ---------- -------------- --------------------------- --------

In addition, the *Entrophospora* genus was the dominant endophytic fungus and was only detected in the roots of the 3-yearold plants. *A. alternata* and *C. ignotum* were the dominant endophytic fungi in the petiole tissues of the 3-and 4-year-old plants, respectively. *C. ignotum* was only detected in the 4-year-old plants. *Xylaria* sp. 1 was the only fungal species detected in the leaves of the 3-yearold plants, whereas it was the dominant endophytic fungi in the leaves of the 4-year-old plants. Endophytic fungi in the flower stalks were only detected in the 4-year-old plants, with *A. alternata* and *Botryosphaeria dothidea* being the dominant endophytes.

Phylogenetic tree
-----------------

The ITS sequences of the endophytic fungi were aligned using CLUSTAL X, and a phylogenetic tree was generated using the maximum parsimony method and MEGA ver. 5 ([Fig. 1](#F001){ref-type="fig"}).

![Phylogenetic analysis of endophytic fungi isolated from the root, stem, petiole, leaf, and flower stalk of ginseng plants cultivated in Korea. The phylogenetic tree was constructed based on internal transcribed spacer (ITS)1-5.8S-ITS2 sequences using the maximum parsimony method on MEGA ver. 5. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) is shown next to the branches. The tree is rooted with *Sclerotinia sclerotiorum* (AB607227) and *Blumeria graminis* (HM484334).](grosbr-36-211-g001){#F001}

The phylogenetic tree was rooted with *Sclerotinia sclerotiorum* and *Blumeria graminis*, and the numerical values at the branches indicate the percentages in the tree from 1,000 bootstrap replications. The ITS sequences of *Xylaria* sp.1 and 2 showed 89% identity, whereas Xylaria sp. 1 and *Nemania diffusa* showed 99% identity; *N. diffusa* is an anamorph of *Xylaria* sp. 1. Our analysis revealed that the fungal sp. shared 77% and 90% ITS sequence identities with *Xylaria* sp. 1 and 2, respectively. Therefore, *Xylaria* sp. 1 and 2 were divided into two sub-clades.

DISCUSSION
==========

A total of 127 endophytic fungi were isolated from 5 different tissues (root, stem, petiole, leaf, and flower stalk) of 3- and 4-year-old ginseng plants ([Table 1](#T001){ref-type="table"}). The isolated endophytic fungi were classified into 27 taxa based on their ITS sequence and morphological identification. The genera of *Phoma, Collectotrichum, Alternaria, Fusarium, Entrophospora* and *Xlyaria* were the common endophytic fungi found in the ginseng plants. Among these, *Phoma, Alternaria, Fusarium* and *Xylaria* have been found in American ginseng plants (*P. quinquefolium* L.) and are common endophytic fungi in tropical and subtropical plants [@B015]. We were unable to classify nine isolates (fungal sp.), and two isolates were classified at the phylum level (Ascomycota).

Four-year-old ginseng plants have a significantly greater diversity of endophytic fungi (13 *vs.* 19 species) than the 3-year-old plants. The possible explanations for this are as follows: 1) differences in the cultivation soil conditions, 2) difference in the age of the ginseng plants, and 3) regular pesticide spraying in the field of the 3-year-old ginseng plants. However, because the cultivation fields of the two different-aged plants were close to each other (less than 50 m), the soil conditions may not have been very different. In American ginseng plants, the presence of endophytic fungi was dependent on the host age and type of tissue [@B015]: 13, 16, 15 and 11 species of endophytic fungi in 1-, 2-, 3- and 4-year-old American ginseng plants, respectively, were found. The lowest diversity of endophytic fungi was found in 4-year-old American ginseng roots, which may be due to autotoxicity or host defense compounds in the rhizosphere [@B015]. Although 20 endophytic species were common to more than one age and tissue of the American ginseng, 7 species were only detected in one age or tissue. In our study, only 5 species out of 27 were common to the 3- and 4-year-old plants, such as fungal sp., *A. alternata, Xylaria* sp. 1, *Phoma radicina*, and *C. pisi*. These results indicate the existence of age specificity of the endophytic fungi. Pesticide spraying is an alternative explanation for the significant differences observed in the diversity of the endophytic fungi, and regular spraying with chemical pesticides may have reduced the fungal population in the field of 3-year-old plants. Twenty-two *Entrophospora* sp. were isolated from the roots of the 3-year-old plants but not from 4-year-old plants. Many arbuscular mycorrhizae (AM) belong to *Entrophospora*, which have beneficial effects on plants, and *Entrophospora* sp. may be more resistant to chemical pesticides compared to other fungal species. In general, pesticides significantly inhibit AM colonization and mycorrhizal spore formation [@B020]-[@B022], yet the inhibitory effect of pesticides on AM fungi varies with the pesticide and plant species [@B023]. Pesticides may also change the root hair morphology and the quality and quantity of root exudate, such as flavonoids and lectins, which have vital roles in the attraction and attachment of microorganisms to the root hairs [@B024],[@B025]. Although pesticides inhibit the colonization of various fungi, *Entrophospora* sp. could survive inside the ginseng roots. Alternatively, the colonization of *Entrophospora* sp. on the roots may be inhibited by other fungal species not controlled by pesticides in the field of the 4-year-old plants. In other words, the soil environment in the cultivation field of the 3-year-old plants may favor the colonization of *Entrophospora* sp., and there may be a competitive environment in the cultivation field of the 4-year-old plants due to the existence of diverse fungi, suggesting the effect that pesticides may have on the diversity of endophytic fungi. The number of fungal species was much lower in the above-ground tissues of the 3-year-old plants, such as 3, 1, 0 fungal species in the petiole, leaf, and flower stalk, respectively, whereas there were 5, 7, and 4 in the 4-year-old plants ([Table 1](#T001){ref-type="table"}). This was additional evidence of the inhibitory effect of pesticides on the colonization of endophytes. Similar results were also observed for the CF: a lower CF was detected in the above-ground tissues of the 3-year-old plants.

AM fungi are the most common type of mycorrhizae and are ubiquitous in terrestrial ecosystems [@B026]. Seven genera of AM fungi have been observed based on spore morphology, which are *Entrophospora, Acaulospora, Archaeospora, Glomus, Paraglomus, Gigaspora*, and *Scutellospora* [@B026]. AM fungi develop a symbiotic relationship with the roots of most plants; the fungi help the plants to capture nutrients, such as phosphorus and micronutrients from the soil, enhance their environmental tolerance and inhibit pathogenic fungi, whereas the plants provide sugars to the AM fungi [@B027]. There are two ways to colonize the roots of the host plants, either intracellularly (AM fungi) or extracellularly (ectomycorrhizal fungi).

We also found that some fungi were dependant on the age and tissue type of the ginseng plants, and tissue specificity was reported in other plants [@B028]-[@B030]. In our study, *Entrophospora* sp. was only detected in the 3-year-old ginseng roots, and *F. solani* was the dominant species and only observed in the roots and stems of the 4-year-old ginseng, whereas the fungus was not found in the 3-year-old ginseng. Non-pathogenic *F. oxysporum* strains showed disease resistance and have been used as biocontrol agents [@B031],[@B032]. *Xylaria* sp. was the dominant species in the leaves of the 3- and 4-year-old plants ([Table 1](#T001){ref-type="table"}). *Trichoderma harzianum*, which was isolated from the 3-year-old ginseng roots, colonized roots and only survived within living plant roots [@B033]. *T. harzianum* can also antagonize other microorganisms by attacking, parasitizing and gaining nutrition from other microorganisms in plants. *Trichoderma* spp. have several mechanisms for the antagonization of pathogenic fungi [@B034].

Entophytic fungi play important roles in the ecosystem, but their significance and role in ginseng have not been explored in great detail. Entophytic fungi grow within their plant hosts without causing apparent disease symptoms and have continual metabolic interactions with their host plants [@B009]. Furthermore, endophytic fungi can produce phytochemicals to prevent pathogens from attacking their hosts, and some of the phytochemicals are similar to or the same as bioactive compounds found in their hosts, such as Taxol [@B035]. The production of bioactive compounds using microbes will provide an alternative strategy to enhance biodiversity and preserve these delicate ecosystems [@B011],[@B016],[@B032]. Endophytic fungi can also be used to protect ginseng from phytopathogens and increase the amount of ginsenosides. However, intensive research is required to identify the beneficial endophytes and to understand the comprehensive function of endophytes and their diversity in ginseng.
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